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Abstract 
We present an integrated microfluidic system, which combines long-term cell culturing with electrical impedance 
spectroscopy (EIS) on a single chip. Non-adherent cells, such as yeast (S. cerevisiae), can be grown under constant 
media perfusion in a 2D layer under clamping pads that enable long-term time-lapse microscopy within the same 
focal plane. The addition of EIS provides a complementary method for continuous in-situ analysis of single cells and 
has been used here to monitor the growth rate of cell colonies in real time. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015. 
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1. Introduction 
Live-cell imaging has been used over the past few years to answer biological questions related to cell-cell 
interaction, cell-lineage tracking, growth and cell-cycle regulation. Microfluidic platforms constitute another 
important technology that has been developed to, for example, limit the growth and division of the cells to a 2D 
monolayer colony so as to keep them within the same focal plane [1]. We recently published a simple and robust 
microfluidic platform approach that enables long-term time-lapse microscopy of non-adherent cells, such as yeast (S. 
cerevisiae), under constant media perfusion within the same focal plane [2]. Although light and fluorescence 
microscopy are important tools for time-lapse imaging of biological samples, the low number of parameters that can 
be extracted per cell limits the information that can be obtained. 
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Electrical impedance spectroscopy (EIS) is an emerging label-free method that has been used for cell counting, 
for identifying cell morphology and for monitoring cellular functions [3]. EIS is used to measure the dielectric 
properties of cells over large frequency range. In this contribution, we present a microfluidic device, which combines 
long-term cell culturing with impedance spectroscopy on a single chip. EIS serves as an additional read out, which 
enables us to monitor the growth rates of cells colonies over time. 
.
Nomenclature 
PDMS  poly(dimethylsiloxane) 
EIS  Electrical impedance spectroscopy  
PECVD  Plasma-enhanced chemical vapour deposition 
2. Material and Methods 
2.1. Device Fabrication 
The device consists of a poly(dimethylsiloxane) (PDMS) chip comprising the microfluidic structures, which was 
bonded to a 500-μm-thick glass slide with surface-patterned thin-film Platinum electrodes. The PDMS structures 
were created from a SU-8 mold using the well-established soft lithography process. The SU-8 mold consisted of 
multiple layers, which were obtained through ion-beam etching, followed by multi-layer SU-8 photolithography.  
The electrodes were fabricated on 4-inch 500-μm-thick glass wafers. Co-planar platinum electrodes of 200 nm 
thickness on top of a 20-nm-thick W/Ti adhesion layer were patterned by using a lift-off process. A PECVD 
passivation layer of silicon nitride was deposited on the metal layer. The passivation layer was then removed in 
specific areas by using reactive-ion etching (RIE) to create electrodes and contact pads. 
The PDMS chip was aligned and bonded on the glass slide by using an alignment machine so as to have the 
electrodes aligned with the microfluidic guiding structures. 
2.2. EIS Measurements and Imaging 
An AC voltage signal of 280 kHz frequency and 1 V amplitude was applied between the electrode set, and the 
current was recorded. When a cell passes over the electrodes it alters the electrical properties of the volume between 
the electrodes and increases the measured characteristic impedance, which, in turn, causes a change in the recorded 
current. The current was then converted into a voltage by using a HF2TA trans-impedance amplifier and the voltage 
was measured using an HF2 impedance spectroscope (both obtained from Zurich Instruments AG, Switzerland). The 
impedance spectroscope recorded the magnitude and phase of the resulting signal on a computer for later analysis 
with a custom Matlab tool. A passage of a cell over the electrodes produces a spike in the phase and amplitude 
recordings of the readout voltage.  
The time-lapse imaging of growing yeast cells was performed using an IX81 Olympus inverted microscope. The 
microfluidic chip was placed inside an environmental box with the temperature controlled at 30 °C. 
3. Results 
The culturing unit located inside one of microfluidic perfusion chamber consists of four clamping pads (for 
clamping yeast cells) and one pair of sensing electrodes as shown in Figure 1. Yeast cells are loaded and clamped 
between PDMS and glass, and are allowed to grow under constant media perfusion. The distance between the 
PDMS pads and the glass is 3.5 - 4.5 μm so that the cells proliferate in a 2D monolayer thereby staying in the focal 
plane of the microscope. This setup enables high-resolution, long-term, time-lapse imaging and renders image 
analysis straightforward. A schematic of the cells growing under the pads and that of the filled pads is shown in 
Figures 2A and 2B. 
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 Once the space under the pads has been filled, cells start to outgrow out of the pads and are washed away by the 
medium that flows around these pads. From this stage on, the size of the cell colony will remain constant. Due to 
laminar flow and with the help of guiding structures, all outgrowing cells are directed over an electrode pair 
downstream. Each time a cell passes over the sensing electrodes, an impedance spike is recorded so that the 
frequency of spikes is a direct measure for the average growth rate of the cell colonies under the pads.  
Figure 1: Schematic overview of the culturing unit. Yeast cells are clamped under PDMS pads and proliferate under constant media perfusion. 
When the pads are completely filled, the excess cells are washed away by the media and are guided over the electrodes. The blue arrow indicates 
the direction of the media flow. Cross-section AA’ illustrates yeast cells clamped between the square PDMS pad and the glass substrate. Cross-
section BB’ illustrates cells passing through the electric field lines of the electrodes patterned on the glass. Every passage results in an impedance 
spike.
Figure 2: (A) Time-lapse images of single yeast cells growing under the pads towards complete filling. (B) Completely filled pads with cells. The 
magnified image shows that the cells are growing in a 2D monolayer under the pads, which enables high-resolution imaging. (C) Raw impedance 
signals (phase) upon passage of cells over the electrodes. Figures a - e show snap shots of the respective events, which result in two consecutive 
spikes. The first spike occurs, when the cell marked in red passes over the electrode followed by the one marked in green. The blue arrow 
indicates the direction of the media flow. The later peaks are due to passage of subsequent cells over the electrodes. 
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Figure 2C shows the raw impedance signals (phase), when cells pass over the electrodes. It is evident that the 
sensing electrodes are able to detect two closely spaced cells or events with high sensitivity. The amplitude of the 
spikes can also be used to discriminate between different clusters of cells. EIS data were recorded from the sensing 
electrodes over a long time. The frequency of spikes over that period is depicted in Figure 3, and an average growth 
rate of 0.19 cells/sec was calculated. This value is in good agreement with the expected division time of 2 hours for 
the cells under investigation. 
Figure 3: (A) Impedance signals recorded continuously over a duration of 10 hours. The magnified inset reveals single peaks. (B) Average 
frequency of spikes over the recording duration, which is correlated to the division rate of cells in a colony of constant size.
4. Conclusion 
The results prove functionality of the platform. For the future, the concept will be applied to on-line monitoring 
of the growth behavior of defined cell colonies under varying conditions, while single cells of the very same colony 
can be simultaneously imaged at high resolution. The developed methodology will help to answer biological 
questions pertaining to cell behavior in various stressful environments. 
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